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AB STRACT 
Exploitation o f  induced ma le ste r i l i ty ha s now become a 
potential too l in plant breeding� E thephon ( 2 -chloroethyl ­
pho sphon ic ac i d )  ha s induced ma le ste r i l i ty in winter 
cultivars of wheat and barley . 
The purpo se o f  thi s  research wa s to further e l ucidate 
the re spon s e  o f · winter wheat (Triticum aestivum L .  em The l l ) ,  
and winter ba rley ( Hordeum vul gare L . ) to fol i ar appl ication 
o f  ethephon . 
E thephon wa s fo l iarly sprayed on w�nter cul tivars o f  
wheat and barley which we re Arthur and Blueboy , and Bar soy 
and Vo lbar re spective ly , at 0 . 0 5 ,  0 . 1 0 ,  and 0 . 2 0 and 0 . 40 
percent active ingredient , when plants were in mid-boot and 
late boot stages in the field study at Knoxvi l le , Tenne s see. 
In the growth room wheat winter cultivars Arthur and Blueboy , 
and barley winter cul tivar s  Keowe e and Harrison we re sprayed 
at 0 . 0 2 and 0 . 0 5  percent active ingredient at the late boot 
s tage of deve lopment . 
The mo st e f fective leve l was 0 . 4 0 pe rcent ethephon iri 
mid-boot and late boot stage s for ·both cultivars o f  wheat 
and barley in the field study . 
Concentration , repl ication , date , cultivar , date X 
concentration , date X cul t ivar , concentr ation X cultivar , -
date X concentration X cultivar e f fects were s i gni f icant for 
iv 
v 
a ll va ri a ble s  exc ept seed we i ght , date heade d , and date 
ma tu re .  No ove ra ll repli c ation , date X concentra tion , date X 
cult i va r ,  and concentration X c u l t iva r . e ffe c t s  occurred fo r 
s eed we i ght . No ove ra ll date X concentra �ion X cul t iva i 
e f fe ct occurred fo r date he aded . No ove ra ll c oncen t rat ion 
e f fe c t  occurred fo r date mature .  Concentrat ion and cult iva r 
e f fe ct s  pe r plant we re s t rongly and po s i t ive ly a s s o c i ated 
with induct ion o f  ma l e  ·s t e ri li ty.  
C le a rly fema le fe rt i li ty was not impa i red to any great 
extent f rom ethephon t reatments from data obt a i ned f rom 
open-po lli nated spike s .  
C e rtain bene f i ci a l  e f fe ct s , s u ch a s  redu ced he i ght and 
lodging , we re accompan ied by reduced y i e l d s .  
The succe s s f �l ut i li z at ion o f  thi s techn ique u s i n g  
e thephon in enhanc i �g product ion o f  h ybri d  pl a nt s , howeve r ,  
depends o n  the economi c s  o f  hybrid seed production . The 
re s u l t s  of thi s re s e a rch pro j e ct i ndicate the induc tion o f  
ma l e  s te r i l it y  with ethephon i n  wheat and bar le y appear s  
fea s i b le .  
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Barley , Hordeum vu lgare L . , and wheat , Triticum ae stivum . 
L .  em . The l l ,  be long to the naturally sel f pol l inated group 
o f  crop pl ants . A ma j o r obj ect ive in bar ley and wheat 
re search ha s been , and probab ly wi l l  continue to be , 
improving the pe rformance o f  cult ivars . Breeding procedure s 
for barley and wheat improvement have be en re stricted by the 
number of hyb ridizations a breeder could make . The World 
Col l ection s o f  whe at and barley contain much germplasm for 
re s i s tance to insects and di sease s which ha s not been 
uti l ized due to thi s restric tion . To da te the wheat and 
barley cul t ivar s have not been abl e  to capital ize on 
hetero s i s . 
Empha s is i s  currently being di rected toward the potential 
use of 2 -chloroethylpho sphon ic ac id ( ethephon ) as a po s s ible 
gametoc ide fo r induct ion o f  male ster i l i ty in barley and 
wheat . In order to cro s s  plants o f  both bar ley and wheat , 
in. mo st of  the early pha s e s  o f  breeding work , the plant 
bre eder ema sculates the floret by removing the anthers be fore 
they are mature and protects the spike from po ll ination by 
cover ing i t  with a smal l glass ine and/or plas tic bag . Within 
a few days he trans fers anther s  with viab le po l l en from 
1 
2 
the sel ected ma le parent to the s t igma in the emascul ated 
flower . Al though thi s proce s s  is e f fective , it is both time 
consuming and tedious . 
The use o f  ethephon a s  a pos s ible gametoc ide was based 
on the initial observat ion that fol iar appl ied l iquid 
e thephon increa sed the number o f  p i s t i l late flower s on 
monoecious cucumbers ( Cucumi s sat ivu s  L . ) ,  ( 1 1 ,  1 5 ) . 
S ince the n , l iqu id e thephon ha s been used expe rimentally 
a s  a male gametocide on both wheat ( 1 6 )  and barley (3 , 1 6 , 
1 8 ) , and leve l s  o f  ma le ster i l i ty up to 1 06 percent have been 
obtained with no apparent reduction in fema le fert i l i ty ( 1 7 ) . 
Th i s  study wa s initiated a s  a pre l iminary inve stigation 
to determine if e thephon could be used a s  a ma le gametoc ide 
i n  an applied breeding program . The ob j e ctive s  of  thi s . 
s tudy we re to determine what concentrations o f  ethephon are 
neces sary to ·induce male s ter i l i ty and determine what if any 
s ide e f fects are concomitant with the induct ion of ma le 
s ter i l i ty . 
CHAPTER I I  
LITE RATURE REVIEW 
Plant breeders have attempted to in crea se bar l ey and 
wheat yields o f  de sirab le qual ity grain by improving such 
characters as s t i f fne ss  of s traw , earl ine s s , shattering , 
disease re s i s t�nce , winter hardine s s  and industrial qua l i ty . 
Achievement o f  the se ob j e ctive s i s  o ften di f f icult because 
only one ma j or sys tem o f  hybridizat ion currently is rece iving 
much attention--the cytoplasmic male s teri le- restorer method . 
Thi s system has several inheren t  di sadvantage s centered 
around the prob lem o f  an inadequate re s torer sys tem for 
genetic  re storation of ferti l i ty in the hybrid i n  wheat and 
such a sys tem ha s not ye t been di scovered for barley . 
Chemic al induction o f  ma le steri lity would provide an 
addit ional , wo�kable system that is rapid , flexible , and 
would not requi re fertil ity re s toration . The induction o f  
male sterility b y  chemical means appears to b e  a possible 
alternative , because of the prob lems a s soc iated with the 
pre sent cytoplasmic male steri le- re s torer system in whe at . 
Initially McMurray and Mi l ler (1 1 )  di scovered that 
liquid e thephon fol iar applied increa sed the number of 
p i s t i l late flowers on monecious cucumbers and could be 
considered as a po s s ible  ma le gametoc ide . As many as 1 9  
3 
s ucc e s s ive pi s t i llate node s we re observed for . the t reated 
monoecious c ult iva r  'SC 2 3 '. 
4 
The mo s t  e f fe ct ive concentrat ion s o f  ethephon we re 1 2 0, 
1 8 0 , and 2 4 0  ppm fo r the s e  s tudi e s .  The s e  rat e s  i n  mult iple 
o r  s ing le appli c ations re s u lted with the le a s t  sho rten ing 
of i nte rnode s and in the greate s t  numb e r  of continuous female 
node s .  S i gn i f i c ant yie ld inc re a s e s  we re obtained fo r the s e  
mono e c io u s  cult ivars , ' Mode l ' ,  ' SC 2 3 ' a n d  ' Ch i ppe r ' . 
Fa i rey and Sto skopf ( 5 )  s tudied g ra nu la r . ethephon a s  a 
game to c i de on thre e  win t e r  and s i x  spring wheat c u lt ivars . 
U s i n g  chemic a l  concent rat ion s o f  2 to 8 ,  2 6 . 0 to 1 09 . 2 ,  and 
1 6 4  to .8 2 2 . 0 kg/ha. s te ri li ty va lue s reached me an value s o f  
6 5 , 7 1 , and 8 9  pe rcent f o r  the d i f ferent rate concentrations 
re spe ctive ly .  Chemi c a l  applications we re made at three stage s 
o f  growth deve lopment , wh ich inc luded prima ry t i lle r 
eme rgence , i n i  t i a t·ion o f  spi ke le t  primo rdi a  on the ma in c u lm ,  
and duri n g  the e a rly-boot pha s e. Me an s t e ri lity leve ls ros e  
with i nc re a s e  i n  the rate o f  gameto c i de ; i t  wa s mo s t  �ffect ive 
when applied a t  the h i ghe s t  rate during·reproductive 
deve lopmen t  on the ma in culm. 
I nduc t i on of ma le s te ri li ty i n  whe at with e thephon fo r 
both g reenhouse and f i e ld-grown whe at was attempted by Rowe ll 
and Mi lle r ( 1 6 ) . The i r  re s e a rc h  demon s t rated that plant s 
t reated with 5 00 ppm i n  the pre - bo o t  and boot s tage s o f  
deve �opment produced s igni f i cant ly fewe r seeds pe r s pi ke 
compared wi t h  untreated spi ke s .  P lants t reated with 1 000 to 
5 
3000 ppm e thephon produced l i ttle o r  no seed s e t .  The 
chem i c a l  concentrat ion f rom 1000 to 2000 ppm appl ied a t  the 
ea rly , mid- and l ate boo t  s ta ge s seem to be the mo s t  
e f fe ctive leve l  o f  ma l e  steri l i ty . The concent ra t ion o f  
e thephon needed t o  approach 100 pe rcent ste ri l i ty increased 
with incre a s ing maturi ty of �he pl ant s . The i r  re s ul ts 
indic ate that produc t ion o f  e f fe c t ive ma le steri l i ty in 
whea t  ut i l i z in g  ethephon appea rs feasible , e spe c i a l ly s ince 
the ovary , s tyle , and s t i gma of t reated pl ant s appe a red 
una f fe cted . In f i e ld- grown ' Nugaine s '  winte r whe a t , 
s i gn i f ic an t  di f ferences between seeds pe r spike in tho s e  
s pike s a l lowed on ly t o  s e l f -po l l inate a n d  tho se a l lowed t o  
c ro s s - po l l i nate with pol l inator we re s hown fo r a l l  concentra­
tions i n  the e a rly , mid- , . and late boot s tage s i ndi c a t i ng 
ova rt re cept ive ne s s .  S ide e f fe c t s  we re min ima l exc ept at 
h i gher conc entrations in wh ich poo r  spike eme rg e nc e  and 
plan t dwarf ing we re ob s e rved .  
Chemic a l  induct ion o f  ma l e  s te ri l i ty in wheat and 
barley with chemi c a l s  conta ining e thephon would be use ful , 
howeve r ,  only i f  fema l e  fert i l i ty wa s not a f fected . P rev ious 
repo rt s  on the c hemic a l - induct ion of ma l e  s te ri l i ty in c rop 
pl ants have de s c ribed vary in g  degre e s  o f  fema l e  s te ri l i ty 
whic h  u l t imately l imited the u s e fulne s s  o f  the c hemic a l  a s  
a s e l e c t ive game toc ide ( 1 4 ) . The re fo re , Rowe l l  and Mi l l e r  
( 1 7 )  compl e ted a s tudy t o  determine the e f fect o f  ethephon 
on fema l e  fe rt i l ity in whea t  and to determine i f  F 1 seed 
6 
could be produc ed us ing chemical ma le- ste r i l e  line s . Fema le 
fertil ity was determined in greenhouse and fiel d-grown 
chemical mal e - s terile C- l ines o f  wheat us ing ethephon as a 
gametoc ide . The number o f  seed per spike and percent o f  F1 
hyb rid seed produced on C - l ine s did not di f fe r  s ign i ficant ly 
from ma l e- ster i l e  B-l ine s fo l lowing hand po l l ination for 
· both l i nes in the greenhou se stud ie s .  A l l  rate s of ethephon 
re sulted in 8 7  percent or more F 1 seed when treated at pre- , 
early , mid- , and late boot stages . Outcro s s i ng in the field 
ranged from 5 to 1 0 0  percent . Based on the percent hybrid 
seed ob tained , the opt imum stage s for f i e ld applic at ion in 
'Nuga ine s' wheat were pre , early , and midboot at chemical 
do sage s of 1 , 5 0 0  to 3 , 0 0 0  ppm . Sen s i tivity to ethephon 
tre�tment appeared to be greater in the greenhou se than in 
the f ie ld . Under f ield conditions sign i f icant incre a s e s  in 
seed set on nonbagged spike s ove r that of bagged spikes for 
f i e ld grown C- l ine s we re shown . The ir ob s e rva tions coup led 
with the s igni f ic ant occurrence of hybrid seed produced on 
C- l ine s grown in the field or in the gr�enhouse indicate 
that female ferti l ity was h igh fol lowing chemic al s teri l iza­
t ion by ethephon . 
Other chemica l s  a s  po s s ible gametoc ide s for ma le 
steril ity are ma le ic hydrazide , dalapon , FW- 4 5 0 , potas s ium 
gibbe re l late , tri iodobenzo ic ac id , dimethy lamine salt  o f  
trichlorobenzoic acid , napthalene acetic a c id , and ethano l 
and isopropanol series  o f  amine salt o f  2 , 4 - D  with wheat ( 1 4 ) . 
7 
Wan g  and Lund ( 1 9 )  d i s c overed fo l i ar sprays wi th var ious 
rate s o f  an aqueous so lution of sodium 1 - (p- ch loropheny l ) _ 1 ,  
2 - dihydro- 4 , 6 - d i me thy l - 2 -oxonicoti nate ( RH- 5 3 1 )  woul d  cause 
complete ma l e  s te r i l i ty by appl y ing 2 , 000 a nd 4 , 000 ppm 
RH- 5 3 1  a t  the s ix- l e a f  s ta ge , 1 6  day s b e fore heading , on 
'Larker ' spr i ng bar l ey . Howeve r ,  such treatmen t s  reduced 
fema l e  fe r t i l i ty by about 60 pe rcent of the contro l . Seed-
set on hand- po l l inated spi k e s  mi ght . be h i ghe r if each spike 
had been p6l l inated- several t ime s dur ing the fer t i le s tage . 
Jan , Qua l set , and Vogt ( 9 )  found that RH- 5 3 1  did no t r e s u l t  
i n  abnorma l pol len gr ain mito s i s , and d i d  no t f ind s te r i l i ty 
i nduced by RH- 5 3 1 . 
Po s i tive corre l at ion s we re found be twe en pe rcentage 
s e ed- s e t  o f  bagged spi k e s  and anther le ngth , and betwe en 
per centage s eed- set o f  bagged spike s and pol l e n  gra i n  
c arbohydra te cont ent . I t  appeared that RH - 5 3 1  inhibited 
anther growth thus leading to e i ther degenerat ion · o f  
mic ro s pore s o r  reduction i n  c arbohydrates i n  bar ley po lle n 
gra i n s  ( 1 9 ) . 
Law and Sto s kopf ( 1 0) reported tha t . to achieve h i gher 
and more re l iab l e  s ter i l i ty l evel s ,  completene s s  of fo l iar 
cove rage expe r imen t s  were conducted with Pa ragon bar ley on 
12 potted plants i n  the growth room . E ach pl ant wa s sprayed 
with e thephon a t  0 . 9 8  or 1 . 4 0 kg/ha with a pr ec i s ion sprayer 
c a l ibrate d to de l iver the equiva lent of 3 09 and 6 1 8  l i ter s /ha 
. 2 o f  s pray solut ion at a pre s sure o f  2 . 8 0 k g/em . . An incre a s e  
i n  ma le s te r i l i ty o f  l e s s  than 1 0  pe rcent wa s obtained wi th 
the more tho rough cove rage of the 6 1 8  l i ter/ha spray , 
i nd i c at i ng that coverage i s  important but not a l imi ting 
fac to r . 
8 
Porter and Wie s e  ( 1 4 ) u s ed FW 4 5 0  du ring 1 9 5 8 , 1 9 5 9 , 
and 1 9 6 0  in the f i e l d  and greenhou se to eva luate methods for 
i nduc ing mal e  ster i l i ty in whea t . They foun d the heavier 
rat e s  caused con s i derable pl ant damage , de layed maturity , 
and dec re ased pl ant he i ght . Howeve r , none o f  the treatments 
c a u s ed a n  appre c iable reduct ion in fert i l i ty or seed set . 
The FW 4 5 0  treatment s  caused severe damage to spr i ng 
wheat at all s t a ge s  of growth and severe to moderately severe 
damage to winter wheat . On ly a trace o f  s te r i l i ty appe ared 
to be a s s o c i ated with FW 4 5 0  tre atments appl ied to winter 
wheat and i n j ury to spring wheat was so severe a s  to pre c l ude 
i t s  eva luat ion as a game to c i de . 
Chopra , Ja in and Swami nathan ( 4 )  u s e d  ma l e i c  hydra z i de 
(MH- 3 0) , wh ich wa s obtained from the U.S. Rubber Company , 
a s  MH- 3 0  ( formu l a t ion containing 3 0  pe r ce nt act ive 
i ngredient . )  They used 5 0 , 1 0 0 , 2 5 0 , _ and 5 00 par t s  per 
mi l l ion to thirty- seven day o ld whe at pl ants treated by 
s praying and di s c overed that 2 5 0  ppm and 1 00 ppm we re f a i r l y  
e f fective in caus ing po l l en s te r i l i ty . They a l so u se d  F . W .  
4 5 0 , T IBA , nuc l ei c  a c i d , thymine and urac i l , and s ta ted the se 
we re not too e f fe c t ive to produ ce abo rtion of po l le n  gra i n s , 
because the fe rti li ty wa s a lso approximate ly the s ame 
percentage s found in the contro l s . 
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CHAPTER I I I  
MATERIALS AND METHODS 
I .  PLANT MATE RIALS 
Four c u l ti va r s  of bar ley , and two o f  wheat we re cho sen 
a s  pl ant mate r i a l s for thi s  s tudy . The 6u l t ivar s repr e s e nt 
c u l t ivar s grown in the S o f t  Red Winter wheat region o f  t he . 
Un ited S tate s within the pa s t  ten year s . Each c u l t ivar ha s 
s ome out s ta nding featur e s  a s  noted in the fol lowing de s c ri p­
tion s . Bar soy bar ley i s  an early-matur in g , rough-awned 
var i e ty w i th good s traw s trength , as we l l  as good y i e ld s  ( 6 ) � 
Harr i son bar ley i s  a medi um- ta l l , rough- awned var i ety with 
. good s tandi ng ab i l i ty . I t  has good re s i s tance to powdery 
mi ldew , l e a f  rust , s c a l d , and some re s i s tance to ne t blotch . 
Ha rri son i s  not ac i d  to l erance and per forms be s t  at a s o i l  
pH o f  6 . 0  o r  above ( 7 ) . Keowee barl ey wa s s e l e cted from the 
Dav i s  X Hudson c ro s s  at Clemson Unive r s i ty . Keowe e i s  a 
s ix- rowed winter barley with mode rate winter hard ine s s  and . 
s emipro s trate s e ed l in g  growth . I t  ha s med ium- l ength awns 
a nd i s  medi um- l ate in matur i ty . Thi s  var ie ty ha s pe r formed 
we l l  in the Tenne s see var ie ty t e s t  for seve ral year s ( 6 ) . 
· Vo lbar barley i s  a winter -hardy , s i x  rowe d , t a l l , rough- awned 
var iety with ma tur i ty s imi lar to Harri son . Vo lbar ha s 
ii e lded we l l  i n  the Tenne s see var i e ty te s t  a rid ha s re s i s ted 
1 0  
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lodgin g. Vo l ba r  ha s s l ight tolerance to B ar ley Ye l low Dwar f. 
Virus ·dise a s e  ( 6 ) . The two c u l t ivar s  o f  wheat s e l e c ted do 
po s s e s s  some no tab le fe ature s too , because Arthur is a ve ry 
early , winter- hardy , s o f t  red winter var iety with good straw 
s t rength. Arthur has good te s t  we ight and is re s is tant to 
c ertain race s of powdery mildew , and moderate ly r e s ist ant 
to lea f · rus t , · s tem rust , and loo s e  smut . Arthur ha s been 
re lative ly fre e  of dis e a s e  for the pa s t  two year s in the 
Tenne s s ee var ie ty te s t  ( 6 ) . B l ueboy is a s emi- dwar f  whe at 
with good y ie l d in g  abil ity and low te s t  we ight. It ha s 
exce l lent s tand in g  ab il ity and is var iable in pl ant he ight 
with a b lue co lor be fore r ipening ( 7 ) . 
I I .  GAMETOC I DE 
Al l te s t s  we re conduc ted u s in g  e thephon ( 2 -ch loroethy l -
ph osphon ic ac id )  with· a s tructural formu l a :  
a mo lecu lar we ight o f  1 4 4 . 5 ,  and EPA Re g. No . 2 6 4 - 2 6 7  AA. 
L iqu id mater ia l  o f  2 1 . 3 percent ac tive in gred ient was u sed 
for a l l  te s t s .  
Accordin g  t o  Amc hem sc ientis t s  ( 1 )  e thephon is a general 
pl ant growth re gu lator with ethy lene re spon s e s  in plants for 
f ru it ripe n in g ,  ab sc is s ion , flower induc t ion and breaking 
apic a l  dominance . E thephon re lease s e thy lene to pl ant t is sue s 
a s  it s mechanism o f  a c t ion , and is e a s ily wa shed o f f  f o l ia ge ,  
tran s located , a s  we l l  as a compound which i s  degraded to 
natura l ly occurr ing substance s {8 ) . 
I I I . FIELD EVALUAT ION 
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Winter cult ivars o f  barley and whe at we re fal l planted 
October 2 4 , 1 9 7 5  at the P lant Sc ience s Field Re search 
Laboratory ( Knoxvi l le Cotton Fa rm )  Knoxvi l l e; Tenne s see , on 
Decatur and Emory s i l t  loam . P lots we re ranged in a 
randomi zed complete block de s ign wi th five repl icat ions . 
P lots con s i s ted of  four rows e ight feet long and one foot 
apart seeded at the rate of 1 2 0  pounds/ac re . The amount of  
ferti l i zer used cons i sted of 4 0 0  pounds/acre o f  6 - 1 2 - 1 2  
be fore planting and 1 0 0  pounds/acre o f  ammnonium n i trate 
( 3 4 . 5  pounds of ni trogen ) top dre s s ed on February 1 7 , 1 9 7 6 . 
Tre atments con s i sted of  two growth s tage s , midboot and 
late boot , f ive chemic al conce ntrations , 0 ,  0 . 0 5t 0 . 1 0 ,  0 . 2 0 ,  
and 0 . 4 0 percent ethephon , and four cult ivars , Vo lbar and 
Barsoy barley and Arthur and Blueboy wheat . Pl ants were 
con s idered at midboot when th� spike wa� approximately 8 em 
from emergence , and late boot when the sheath wa s s l ightly 
swol len unt i l  spike was j ust expo sed . The treatments we re 
arranged a s  a 2 X 5 X 4 factorial . Al l treatments we re 
appl ied and data coll ec ted from center two rows of  each p lot . 
S ix ml o f  Tween 2 0  {Po lyoxye thylene Sorb i tan Mono­
laurate ) , a wetting agent , were added to each o f  the chemical 
concentration s  in 2 5 0 0  ml o f  wate r  to aid i n  keeping the 
1 3  
materia l  on the fo l ia ge . P lant s �ere fo l ia r  spray e d  with a 
hand spraye r at 3 0  ps i o f  pr e s sure unt il run o f f  ( approximately 
3 3 6  ml pe r square me ter ) when the ma j o rity o f  culms · in the 
two center rows of each plot we re at the appropr iate 
deve lopmental growth stage .  
I n  e ach plot e s iimat e s  o f  steril ity we re made from 
randomly se l e c ted spik e s  wh ic h  were covered with a gl a s s ine 
bag in spike eme r gence .  In addit ion two unbagged s pike s we re 
randomly s e l ec ted from the center rows of each plo t  to 
e s t imate the amount of cro s s  po l l in at ion o c currin g. Date 
headed wa s recorded as day s  a f ter Apr il 1 ,  and date mature 
was recorded as d ay s  a fter May 1 .  P l ant he ight and lodgin g 
we re recorded the day o f  harve s t .  The center two rows o f  
e ach plot were .cut , thre s hed a nd we ight o f  gra in recorded o n  
June 1 6 , 1 9 7 6 . 
IV . GROWTH ROOM EVALUAT I ON 
The seeds .from four cul t iva r s , B l ueboy and Arthur whea t ,  
·and Harrison and Keowee bar l ey were verna l iz e d  at 0° C from 
June 2 3  t �  July 2 3 , 1 9 7 5 .  Forty- e ight four -inch po t s  we re 
f il led with a pottin g  mixture of 3 6  pa rts s o il : 24 par t s  
pe at : 1 8  par t s  sand ; s ub s equen t ly four vernal iz ed seedl in gs 
were planted in each pot on July 2 3 , 1 9 7 5 . 
P lants we re grown in the growth room ma intained at a 
1 6  hour daylength and an 8 - hour dark cyc le with a tempera ture 
of approxima te ly 2 7 ° C ,  and the pl ant s we re watered eve ry 
1 4  
4 0  hour s . On Augu s t  6 ,  1 9 7 5  a l l  seed l ings we re thinned to 
one pe r pot . Mal e  fe rtil e  pla nt s  we re treated at 1 growth 
s ta ge ( late boot ) , and pl ants we re con s idered in th is s ta ge 
when the she ath wa s s l ight l y  swol len unt il the spike wa s j us t  
expo s e d . Two chemic a l  concentrations o f  ethephon we re u sed , 
0 . 02 and 0 . 05 pe rcent ac t ive in gredie nt . Pot s  we re arran ged 
in a complete ly randomiz ed b loc k des ign with three repl ic a ­
t ion s . Two- thirds o f  four cul t ivar s  were spr ayed when the 
ma j o r ity o f  ma j or culms reached the appropr iate growth stage 
and tho se c l ums at the de s ired sta ge o f  growth we re ta gged 
for harve s t . E thephon in water without.  a s u r factant wa s 
fo l i�r appl ied ( approxima te ly 1 0  ml per pot )  . Spik e s  we re 
harve sted on Oc tobe r 3 1 , 1 9 7 5 . 
V .  STAT I S TICAL ANALYSES 
.The IBM 3 6 0/6 5 computer lo cated in the Un iver s ity o f  
Tenne s s ee Computer Center , S tok l ey Management Center , 
Knoxville , Tenne s s ee , wa s used to compute the s ta t is tica l  
ana l y s e s .  The Statis t ic a l  Ana ly s is S y s tem ( SAS ) wa s u s ed 
to analy z e  the var iab le s . The se are a s  fo l lows : date headed , 
date mature , pl ant he ight , lodgin g ,  pe rcent s ter il ity o f  
ba gged spikes , pe rcent steril ity o f  open-po l l inated spik e s , 
yie ld and 1 00- s eed we igh t .  The I B M  3 6 0/6 5 c omputer wa s used 
a ga in for an aly s e s  o f  variance for a r andomiz ed c omplete 
block des ign ( RC B) for the varia t ions , d iffere nce s , and 
inte rac t io n s  o f  five repl ic at io n s , t wo dat es , f ive 
concentration s ,  and four cul tivar s fo r the eight vari ables  
mentioned above at leve l s  of  s ign i f ic ance of  1 percent and 
1 5  
5 percent for. the f ie l d  study . Duncan's New Mul t iple Rarige 
Te s t  wa s used for mean separation where ana lyse s  o f  var iance. 
we re calculated for each variable . 
The ana ly s i s  o f  variance fo r a complete ly randomized 
de s ign ( CRD ) was used to de termine.the variat ions , di f fer­
ences , and interactions o f  three repl icati9ns;. one date , 
three concentrations , and four cult ivar s in the growth room 
experiment . The expe r iment wa s ana lyzed for me an percent 
induced steri l ity . 
CHAPTER .IV 
RES ULTS 
I .  MALE STERIL ITY F ROM F IELD RESEARCH 
The gametoc ide e thephon. wa s appl ied at the mid- and 
l ate boot s t a ge s  of winte r c u l t i va r s  of wheat and barley 
wh ich s howed an in f luence on the i nduct ion of ma l e  s te r il i ty .. 
The
. 
data from the f i e l d  were particularly we l l  s u ited for 
dete rmin i n g  the re l a t ion s h ips among s te r i l i ty , pl ant he ight , 
y i e l d , lodgin g ,  and seed we i ght because the c u l t iva r s  in 
thi s  study varied for the s e  fa c to r s . 
The data on s te r i l i ty for d i f ferent c u l t iva r s  are given 
in Tab l e  1 w i th di f fe rent concentrations of ethephon durin g  
the 1 9 7 6  f i e l d  s tudy . Arthur s prayed with 0. 2 0  and 0. 40 
pe rcent e thephon at the mid-boot stage had a me an s t e r il ity 
of 5 7 . 1 and 6 8 . 8 perc ent re spective ly . At the l ate boot 
s ta ge highe r e thephon conc entrat ions only reached a mean o f  
4 4 . 4 pe rcent s te r i l i ty for the s ame cult ivar . 
The cult iva r B l u eboy showed s imi lar trends a s  Arthur ; 
howeve r ,  i t  had a higher me an steril i ty o f  7 1 . 0 and 5 8 . 9 
per cent for concentrat ion s o f  . 4 0 and .2 0 pe rcent re spe ct ive ly 
( Tab l e  1 ) . The appl i c a t ion o f  0. 05 percent wa s mo s t  
e f fe c t ive y i e l di n g  6 1 . 6 pe r cent ster i l ity a s  c ompared to the 
control o f  on l y  3 1 . 0 per cent . Fema l e . s ter i l i ty wa s not 
1 6  
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T ab l e  1 .  S te r i l ity o f  '"tlheat a nd bar ley c u l t i va r s  treated with 
e thephon at dif ferent stage s  o f  deve lopme nt for -+9 7 6  
f i e l d  s tudy. 
S t a ge o f  
Deve lo pment 
Mid -boot Late boot 
C u l t iva r Concentration Ste r il ity Steril ity Ste r il it y  S t e r il i ty 
o f  open 




B l ueboy 
B ar soy 
Vo 1bar · 
o f  bagged o f  un- of bagged 
spike s bagged spik e s  
spike s 
--------------------------- % -------------------------
. 00 3 5 . 4 3 8 . 0 2 4 . 5 2 6 . 8 . 
. 05 3 1 . 0 3 7 . 1 2 3 . 1 1 7 . 4 
. 1 0 3 0. 5 2 2 . 8 4 1 . 4 2 9 . 9 
. 2 0 5 7 . 1 2 9 . 1 3 5 . 8 2 9 . 6 
. 4 0 6 8 . 8 3 5 . 8 4 4 . 4 2 7 . 1 
�oo 3 1 . 0 1 6 . 4 5 4 . 8  2 7 . 5 
. 05 6 1 . 6 2 5 . 6 3 7 . 8 2 5 . 2 
. 1 0 2 8 . 6 1 8 . 9 5 6 . 6 2 0. 6 
. 2 0 5 8 . 9 1 6 . 7 4 5 . 4 2 1 . 2 
. 4 0 7 1 . 0 4 3 . 8 7 3 . 6 20. 5 
. 00 6 0. 1 3 4 . 1 64.6 39.9 
. 05 3 4 . 1 1 6 . 9 5 5 . 3 3 6 . 7 
. 1 0 4 0. 7 3 7 . 0" 5 5 . 2 3 5 . 1 
. 2 0 4 5 . 3 4 2 . 8 6 0. 9 3 8. 8  
. 4 0 5 6 . 4 5 6 . 7 4 6 . 8 6 2 . 7 
. 00 2 8 . 6 2 5 . 9 3 8 . 3 2 8 . 5 
. 05 2 8 . 2 3 9 . 5 4 2 . 1 1 9 . 7 
. 1 0 3 0. 0  2 0. 3 3 0. 6 1 9 . 8 
. 2 0 4 0. 5  3 5 . 0 3 3 . 8 2 0. 8 
. 4 0 4 4 . 2 2 4 . 2 5 0. 9 3 3 . 3 
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impaired , because there was a dec rease i n  ste r i l ity o f  
tre ated ope n po llinated spike s due t o  outcro ss ing ( Table s  1 
and 2 ) . 
I n  all  expe riments reported in thi s  siudy the rate o f  
appl ication o f  l iquid ethephon had a �reva i l i ng i n�luerice 
on the i nduction of male s te r i l i ty in wheat . Levels of ma le 
s te r i l ity obtained were mo re e f fect ive at . 2 0 and . 4 0 pe rce nt 
at mi d-boot , and . 1 0 and . 4 0 pe rcent at late boot ( Table 1 ,  
p .  1 7 ) . The least  e f fect ive concentrat ion wa s . 0 5 percent 
for both s tage s o f  deve lopment fo r all cultivars . 
The cu lt ivar Barsoy was no t sens it ive to any o f  the 
concentration s o f  ethephon in mid-boot be cause i t s  steri l i ty 
means we re le s s  than that o f  the control and that trend 
continried a l so for late boot ( Table 1 ,  ·P· 1 7 ) . 
Leve l s  o f  male ster i l ity were improved for Vo lbar which 
had highe r leve l s  of · steri l ity than the·contro l for rate s 
. 2 0 and . 4 0 percent with means o f  4 0 . 5 and 4 4 . 2  perce nt 
re spective ly for mid-boot ( Table 1 ,  p .  17 ) . I n  late boot 
Vo lbar had a mean s ter i l ity o f  5 1 . 0  perce nt.for the rate o f  
0 . 4 0 percent (Table 1 ,  p .  1 7 ) . 
ACcording to the re sult s  o f  Duncan 's New Mu ltiple Range 
Test ( Table 2 ) , only the 0 . 4 0  percent concentrat ion o f  
ethephon wa s s igni f icant ly d i f ferent acro s s  a l l  cultivars 
and both stage s o f  appl ication . 
Con s iderable d i f ferences i n  s ter i l i ty we re obs e rved 
Tab le 2 .  
Variable Yie ld1 
grn/plot 
Concentrat ion 
. 0 0 6 5 9 a 
. 0 5 5 7 9b 
. 1 0  5 0 8 c 
;.2 0 4 0ld 
. 4 0 2 9 8 c 
Ethephon concentration me ans for  e ight measured variable s  
from the 1 9 7 6  fie ld s tudy . 
Lodgingl P l an t  Date 
He ight! Headed! 
Date 1 0 0 - S te r i l i ty S te r i l i ty 
Mature l S eed B agged Ope n-pol l inated 







( ern )  
1 0 3 . 7 a 
8 5 . 6 b 
8 1 . 3 c 
8 1 . 3c 
7 9 . od 
( days ( days 
a fte r after 
Apri l  1 )  May 1 )  
2 4 d 
2 6 c d  
2 7 b 
2 8 b 
3oa 
3 4 . 9 a 
3 5 . l a 
3 4 . 6 a 
3 4 . 8a 
3 5 . 3 a 
( grn) ( % ) ( % ) 
4 . 0  
4 . 0  
3 . 8  
3 . 8  
3 . 8  
4 2 . 2b 
4 1 . 6 b 
3 9 . 6 b 
4 7 . 2 b 
5 7  •. oa 
.2 9 . 6 b 
2 7 . 3 b 
2 5 . 6 b 
2 9 . 2b 
3 7.9 a 
1Me an s within thi s column fo l l owed by the same letter are not s igni f icantly 
di f f e rent at the 0 . 0 1 percent leve l o f  probab i lity according to Dunc an's .New 
Mul tiple Range Te st . 
2Me an s wi thin thi s column fol lowed by the s ame l etter are not s ign i f icantly 
di f ferent a t  the 0�0 5  percent leve l  o f  probab i l i ty ac cording to Duncan's New 
Multiple  Range Test . 
� 
\0 
between Arthur and B l ueboy , as we ll  a s  Barsoy and Vo lbar 
( Figure s 1 and 2 ) . 
2 0  
Al though 10 0 percent ster i l i ty was not achieved i n  any 
o f  the cultivars , but there were rates that could be 
con sidered as e f fec tive . The most e ffect ive rate s fo r 
Arthur in mid-boot were 0 . 2 0 percent foramean o f  5 7 . 1  percent 
s teri l i ty wi th a range of  2 4 . 2- 8 8 . 6 , and. 0 . 4 0 percent for a 
mean o f  6 8 . 8  percent ster i l i ty with a range o f  6 0 . 0 to 7 4 . 3  
compa red to the control o f  3 5 . 4  percent mean s teri l ity with 
a range of  2 7 . 5  to 4 7 . 3  ( Table 3 ) . 
The mo st e f fective rate s for B lueboy in mid-boot we re 
0 . 0 5 percent for a mean o f  6 1 . 6 percent s ter i l i ty with a 
range o f  4 5 . 5 to 8 3 . 0 , and 0 . 4 0 percent for a mean o f  7 1 . 0 
percent ster i l i ty with a range o f  14 . 0  to 9 9 . 1  compared to 
the con tro l for a me an o f  3 1 . 1 pe rcent s teri l i ty with a 
range o f  19 . 7  to 4 7 . 2  ( Table 3 ) . 
The most e f fect ive rate for B lueboy in late boot wa s 
· 0 . 4 0 percent for a mean o f  7 3 . 6  percent ste r i l i ty with a 
range of  3 5 . 7  to 9 6 . 4  compar�d to the contro l of  5 4 . 9  percent 
mean steri l ity with a range of 2 3 . 8  to 7 6 . 7  ( Tab le 4) . 
The most e f fective rate for Arthur in l ate boot was 
0 . 4 0 percent for a mean of 4 4 . 5  percent steri l i ty with a 
range o f  2 7 . 4  to 4 1 . 2 compared to the contro l with a mean 
of 2 4 . 5  perc ent s ter i l i ty with a range of 7 . 7  to 37 . 2 
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Figure 1. Effect of ethephon on sterility 
in-mid-boot {1976 field study) . 
21 
of cultivars 
1 1 0  
1 0 0  
9 0  
8 0  
7 0  
3 0  
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E thephon concen tration , % 
2 2  
Figure 2 .  E f fect o f  e thephon o n  s terility o f  cultivars 
in late boot (1 9 7 6 fie ld s tudy ) . 
Tab l e  3 .  A compa r i son be twe en ba gged and ope n  po l l in a ted leve l s  o f  ma l e  s te r i l i ty 
in mid-boot o f  Arthur and B l ueboy C u l t iv a r s  o f  wheat · ( 1 9 7 6  f i e ld study ) . 
l:{ate tsa gge a �te r 1l.1ty ( B s )  , %  Open Po l l inated C u l t ivar R B qq d S il i v ltssJ .� uo  l.l.1 a D 1tterence 
% Me an Ran ge 
Arthur . 05 3 1 . 0  2 7 . 5  - 47 . 3  
. 1 0 3 0 . 6 1 9 . 9  - 4 5 . 1  
. 2 0  5 7 . 1  2 4 . 2  - 8 8 . 6  
. 4 0 6 8 . 8  6 0 . 0 - 7 4 . 3  
4 6 . 8  
STD . DEV . 5 . 2  
B l ue boy . 05 6 1 . 6  4 5 . 5  - 8 3 . 0. 
. 1 0 .2 8 . 6 4 . 0  - 4 4 . 2  
. 2 0 . 5 8 . 9  3 4 . 5  - 88 . 1  
. 4 0 7 1 .0 1 4 . 0  - 9 9 .1 
Me an 55.0 
STD . Dev . 2 1 . 4  
Ste r i l i ty ( O s) , % 
Mea n  
3 7 . 1  
2 2 . 8  . 
2 9 . 1  
3 5 . 8  
--
Ran ge 
2 8 . 6  - 4 2 . 7  
2 . 5  - 4 2 . 1  
1 2 . 3 - 4 3 · . 8 
1 1 . 6  - 5 9 . 6  
( Bs - O s ) %  
7 . 8  
2 8 . 0  
3 3 . 0  
3 7 . 2  1 5 . 6  
1 0 . 2 
2 5 . 6  1 0 . 3 - 4 2 . 5  3 6 . 0  
1 8 . 9  7 . 3  - 2 5 . 7  9 . 7  
1 6 . 7  1 0 . 3 - 2 4 . 3  4 2 . 2  
4 3 . 8  2 . 6  - 8 4 . 8  2 7 . 2 
2 6 . 3  2 8 . 7  
1 6 . 0  
N 
w 
Tab l e  4 .  A comparison betwe e n  bagged and open po l linated l eve l s  o f  ma le s te rility 
in late boot of Arthur a nd B lueboy cultivars . o f  wheat ( 19 7 6  fie ld s tudy) . 
Cul tivar Rate Bagged 
% Mean 
Arthur . 0 5 2 3 . 1  
. 10 4 1 . 5 
. 2 0 3 5 . 9  
. 4 0 4 4 . 5  
Me an 3 6 . 3  
STD . DEV . 19 . 7  
Blueboy . 0 5 3 7 . 8  
. 10 5 6 . 7  
. 2 0 4 5 . 4  
.4 0 7 3 . 6  
t-'Iean 5 3 . 4  
STD DEV . 
Sterility ( B s) ,% 
Range 
12 . 5 - 3 5 . 9  
2 6 . 7 - 55 . 3  
2 2 . 1  - 4 8 . 9  
2 7 . 4  - 5 1 . 2 
3 5 . 7 - 9 6 . 4  
3 4 . 0  - 8 1 . 3 
15 . 6  - 7 6 . 4  
2 3 . 2  - 8 2 . 4  
Ope n  Pol linated 
Ste rility ( Os) , %  
Mean Range 
17 . 4  2 . 7 - 6 9 .·9 
2 9 . 9  11 . 4  ;...· 2 8 . 0  
29 . 6 3 . 5  - 3 7 . 1  
2 7 . 1  2 . 7 - 5 6 . 7  
2 6 . 0  
10 . 2  
2 5 . 2  2 . 7 - 5 6 . 7  
2b . 9  11 . 4  - 2 8 . 0  
2 1 . 2 3 . 5  - 3 7 . 1  
2 0 . 5  2 . 7 - 6 9 . 9  
2 2 . 0  
-
Dif ference 
( B s�os) % 
5 . 7 
14 . 6  
6 . 3  
17 . 4  
11 . 0 
12 . 6  
3 5 . 8  
2 4 . 2  
5 3 . 1  
2 1 . 4 
N 
� 
2 5  
Bar soy was not too. sensitive to any o f  the concentration s 
in mid-boot as indicated by the higher mean o f  the contro l 
(Tab le 1 ,  p .  1 7 ) . 
The mo st e f fective rate for Volbar in mid-boo t was 0 . 4 0 
pe rcent for a mean o f  4 4 . 2·percent sterility with a range o f  
2 8 . 6  to 8 1 . 0 compared to the contro l with a mean o f  2 8 . 6  
pe rcent with a range o f  2 0 . 5  to 4 0 . 0  (Tab le 5 ) . 
Again fo r.l�te boot Bar soy was not sensitive to any o f  
the rate s because the control had a highe r mean s terility . 
The mo st e f fective rate for Volbar in late boot was 0 . 4 0 
percent for a mean o f  5 0 . 9 percent sterility with a range 
of 3 0 . 1 to 8 1 . 9 ttab le 6 ) . 
The greatest di f ference between sterility in . bagged and 
open pollinated spikes occurred in mid-boot for Arthur was 
3 3 . 0  percent at · the 0 . 4 0 percent rate , and for B lueboy it 
was 4 2 . 2  percent at the 0 . 2 0 percent rate (Tab le 3 ,  p .  2 3 ) . 
At the late boot stage o f  development for Arthur it was 
17 . 4  percent at the . 0 . 4 0 percent rate, and for Blueboy it 
was 53 . 1  pe rcent at the 0�4 0 pe rcent rate ( Tab le 4, p .  2 4 ) . 
The greatest difference between sterility o f  bagged and 
open pol linated s terility in mid-boot for Barsoy was 17 . 2  
percent at the rate o f  0 . 0 5 percent (Tab l e  5 )  and late boot 
was 2 2 . 1 pe rcent at the rate of 0 . 2 0 percent (Table 6 ) . For 
Vo lbar in mid-boot ,  it was 2 0 . 0  percent a� the rate of  0 . 4 0 
percent (Tab le 5 ) , and 2 2 . 4  per cent at the rate o f  0 . 0 5 
percent for late boot ( Table 6 )  . 
Tab l e  5 .  A compari son betwe e n  bagged and ope n  pol l inated l eve l s  of mal e  s ter i l i ty 




STD . DEV . 
Vo1bar 
Mean 
STD . DEV . 
Rate 
% 
. 0 5 
. 1 0 
. 2 0 
. 4 0 
. 0 5 
. 1 0 
. 2 0 
. 4 0 -
Bagged S teri l i ty (B s )  , %  
Mean Range 
3 4 . 1  1 2 . 2  - 6 2 . 2  
4 0 . 7 3 2 . 2  - 48 . 8  
4 5 . 3 3 6 . 1  - 6 0 . 0  
5 6 . 4  2 8 . 9 - 81 . 0  
4 4 . 1 
1 4 . 0  
2 8 . 2  19 . 5  - 3 3 . 6  
3 0 . 0  2 6 . 1  - 3 4 . 8  
4 0 . 6 1 3 . 4  - 6 4 . 2  
4 4 . 2  2 6 . 2  - 7 6 . 8  
3 5 . 6  
1 3 . 9  
Open Pol l inated 
Mean Range 
1 6 . 9  5 . 0  - 3 0 . 3  
3 7 . 4  1 9 . 8  - 5 6 . 9  
4 2 . 8  3 6 . 3  - 5 0 . 0  
5 0 . 7  2 8 . 6 - 7 8 . 7  
3 7 . 0 
1 6 . 1  
3 5 . 5  ·2 7 . 4 - 57 . 0 
2 0 . 4  9 . 2  - 2 8 . 3  
3 5 . 0  2 9 . 3  - 4 8 . 1  
2 4 . 2  '18 . 1 - 5 0 . 1  
. 2 8 . 9  
1 1 . 8  
D i f f erence 
(B s -Os ) % 
1 7 . 2  
3 . 3  
2 . 5 
5 . 7  
7:2 
- 7 . 3  
9 . 6  
5 . 6  




Table 6 .  A compari son betwee n  bagged and open pol l inated leve l s  of  male s ter ili ty 
i n  late boot of  Bar soy and Vo lbar cultivar s o f  Bar ley (19 7 6  f i e ld s tudy ) . 
Cultivar Rate Bagged Ste r i lity (B s )  , %  Open Po l l inated · D i f ference 
(B s - O s ) % 
% Mean Range Mean Range 
Bar s oy . 0 5 55 . 3  3 4 . 6  - 8 4 . 6  3 6 . 7  2 5 . 0 - 4 5 . 7  19 . 0  
. 10 5 5 . 2  4 2 . 3  - 6 5 . 0  3 5 . 1  15 . 4  - 6 9 . 5  2 0 . 1  
. 2 0 6 0 . 9  2 3 . 1  - 9 1 . 3 3 8 . 8  2 1 . 3 - 5 9 . 7  2 2 . 1  
. 4 0 4 6 . 8  3 4 . 4  - 6 7 . 0  6 2 . 7  3 8 . 6  - 7 8 . 8  - 15� 9 
Mean 5 4 . 7  4 3 . 3  11. 3 
STD .  DEV . 17 . 1  15 . 1  
Vo lbar . 0 5 4 2 . 1  14 . 9  - 84 . 9  19 . 7  8 . 4  - 3 0 . 7  2 2 . 4  
. 10 · 3 0 .  7 2 2 . 9  - 3 9 . 4  19 . 8  17 . 5  - 2 5 . 0  10 . 9  
. 2 0 3 3 . 8  15�9 - 6 2 . 4  2 0 . 8  7 . 7  - 3 3 . 8  13 . 0  
. 4 0 5 1 . 0 3 0 . 1  - 8 1 . 9 3 3 . 3  14 . 8  - 6 7 . 5  17 . 7  
Mean 3 9 . 4  2 3 .4 16 . 0  
STD .  DEV . 18 . 3  10 . 9  
tv 
-.1 
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According to the ana l ys i s  o f  var i ance ( Table 7 )  
s i gn i f ic ant di f fe ren c e s  we re ob se rved among concent rat ion s 
and c u l t i va rs for both bagge d and open po l l inated s pike s .  
For bagged spike s .the inte raction s  date X concentrat ion and 
date X c ul t ivar we re a l so s i gni f icant. 
Pl ant He i ght 
The reduction s in plant he i ght we re u sed as a mea s ure 
of phy s i o l o g i c a l  and morpho l o g i c a l  change s .  The data 
pe rta i ning to plant he i ght w i t h  the re s ul t s  of s tat i s t i c a l  
an a l y s i s  a r e  pre s ented in Tab le 8 .  The overa l l  a verage 
e ff e c t s . on hei ght due to di f f erent con centra t i on s  o f  e thephon 
and due to varietal di f fe renc e s  are in Tab l e s  2 (p. 1 9 )  and 
9 .  
As re gards to the ove ra l l  di f fe rence s due to e thephon 
treatment s �  the hei ght value s decr e a s e  with i nc re a s ing 
ethephon concent ration s ( Tabl e s  2 ,  p. 1 9 , and 8 ) . Di f ference s 
with r e s pe ct to pl ant he i ght were ob se rved among va r i eti e s  
and a l s o  amon g . e thephon treatments ; the se di f fe renc e s  and 
a l so tho se due to int e rac tion between var i e t i e s  and e thephon 
t re atment s we re stat i s tic a lly s i gn i f ic ant at 1 pe rcent and 
5 percent l e ve l s  ( Tab l e  7 ) . All four of the c ult i va rs we re 
sen s i t i ve to e thephon , but B a r soy . 
Comparing l ate boot s tage with mid -boot s t age Vo lbar 
s howed l e s s  di f fe ren c e s  in plant he i ght than the other three 
Table 7 .  Mean square s for measured variables ( 1 97 6  field study ) . 
Source OF Yield Lodging Plant Date Date 1 0 0-
o f  ( gm) 
( \ )  
Height Headed Ma ture ,-; , . · seed 
Varia tion Pe r ( em )  ( Days ( Days We i ght 
Plot) After After (gm) 
Apr i l  1 )  May 1 )  
Repl icat ion 4 1 1 4 6 3 2  3 9 6 9  1 1 0 1 . 1  2 8 . 6 8  2 9 . 3 9 0 . 0 9 
Da te 1 5 3 9 2 4 1 * *  3 1 6 0 *  9 5 9 . 3 * 1 1 4 . 0 1 *  2 . 4 0  0 . 5 6 
Concentration 4 8 1 9 3 5 8 * * 1 1 7 8 8 * *  4 4 4 6 . 4 * 2 1 9 . 5 4 * *  2 . 7 9 0 . 6 0 
Date X Cone 4 9 5 4 2 3 * *  8 7 9  2 5 2 . 8 * *  2 2 . 9 9 *  3 9 . 1 9 0 . 0 3 
Cultivar 3 1 9 4 6 1 9 * *  1 3 5 1 0 * * 1 6 2 9 . 0 * *  2 5 6 2 . 1 8 * *  2 4 5 2 . 8 7 * *  4 . 8 4 * *  
Cone X C u l t  1 2  3 3 7 3 0  2 0 4 0*' 1 3 9 . 3* 2 5 : 2 2 2 4 . 4 4 0 . 0 1 
Date X . C u l t  3 1 5 8 5 8  2 9 3 6 * *  4 5 . 2  1 6 . 6 6 2 4 . 11 0 . 2 4 
oateXConc xcu l t  . 1 2  2 7 7 8 1  6 1 8  4 . 3 4 2 5  •. 3 8  0 . 4 1 
* I ndicates sign i f icant at 0 . 0 5 percent leve l of probabil i ty .  
* * Indicates sign i f icant a t  0 . 0 1 percent leve l o f  probabi l i ty .  
S t eri l i ty 
Bagged 
Spikes 
( \ )  
6 6 6 . 9 6 
1 4 4 . 5 0 
2 2 54 . 3 8 * *  
7 3 6 . 3 6 *  
3 2 9 8 . 0 0 * *  
5 3 0 . 5 3 
9 3 1 . 3 5 *  
5 1 8 . 6 0 
S te r i l i ty 
Open 
Po l l ina ted 
Spikes 
' ( % )  
3 2 . 9 0 
1 6 1 . 1 0 
9 2 1 . 5 0 *  
1 1 1 . 4 3 
2 5 5 5 . 5 1 * *  
3 2 3 . 3 7 
3 4 9 . 4 1 
3 8 8 . 7 9  
r-0 
\..0 
Tab l e  8 .  P l ant height and lodging for wheat a nd barley cultiva r s  tre ated with 
e th ephon at di f ferent s tage s o f  deve lopment· ( 1 9 7 6  fie ld s tudy ) . 
Stage o f  Deve lopment Mid-boot Late boot 
Cul tivar Concentration P lant Height Lodging P lant Height Lodging 
( % )  ( em )  ( % )  ( em )  ( % )  
Arthur . 0 10 1 . 1 5 5  9 8 . 6  4 5  
. 0 5 8 7 . 4  2 6  8 3 . 8  14 
. 10 8 1 . 8 2 3  8 3 . 8  17 
. 2 0 7 3 . 2  2 8  8 5 . 4  4 5  
. 4 0 6 7 . 1  0 8 5 . 4  2 4  
B lueboy . 0 10 2 . 1  0 10 1 . 1 4 
. 0 5 8 1 . 3 0 8 8 . 4  0 
. 10 7 9 . 3  0 8 1 . 8  0 . 
. 2 0 7 8 . 8  0 7 9 . 8  0 
. 4 0 6 8 . 1  0 7 3 . 2  0 
Bar soy . 0 110 . 8  10 0 1 0 2 . 1  7 8  
. 0 5 7 5 . 7  0 7 7 . 7  4 
. 10 7 0 . 6  0 7 7 . 7  0 
. 2 0 7 0 . 1  0 7 7 . 7  3 
. 4 0 6 9 . 6  0 7 4 . 7  0 
Vo lbar . 0 10 9 . 2  6 0  10 5 . 2  6 6  
. 0 5 8 6 . 4 2 2  10 0 . 6  7 7  
. 10 8 4 . 3  3 2  9 1 . 0 4 8  
. 2 0 8 7 . 4  · 16  9 7 . 6  4 0  
. 4 0 8 5 . 4  6 9 1 . 5 3 4  
w 
0 
Tab l e  9 .  Me ans for cu1 t ivar s  for e i gh t  me a su red var i ab l e s  ( 1 9 7 6  f ie ld s tudy ) . 
Var i ab l e  Y i e l d  Lodging P l ant Dat e  Date 1 0 0 - S ter i l i t y  S te r i l i ty 
H e i gh t  H e aded Mature S e ed Bagged Ope n-
( gm ( days ( days We i ght Po l l inated 
pe r a ft e r  a ft e r  Spi k e s  
plo t ) ( % )  ( em )  Apr . 1 )  May 1 )  ( gm )  ( % )  ( % )  
C u 1 t ivars 
Arth u r  4 1 6 . 4  2 5 . 3  7 6 . 2  2 8 . 7  3 8 . 3  4 . 1  5 1 . 9  3 1 . 1  
B lueboy 4 0 6 . 4  0 . 4 8 4 . 8  3 5 . 0  4 1 . 0  3 . 8  5 1 . 9  2 4 . 1  
B a r  soy 4 2 3 � 4 1 8 . 5  7 2 . 2  1 8 . 3  2 4 . 7  3 . 4  3 9 . 5  4 0 . 9  
Vo 1bar 4 9 7 . 8  4 0 . 1  8 4 . 9  3 1 . 0  3 4 . 3  4 . 1  3 6 . 7  2 6 . 6.  
w 
........ 
c u l t i va r s , ind i c a t in g  i t  was le s s  s en s i t ive to- ethephon 
treatment s  ( Tabl e  8 ,  p. 3 0 ) . 
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As e thephon caused · an i n f l uence on induct ion o f  
s te r i l i ty i t s  me c han i sm o f  act ion o f  re l e a s i n g  e thy l ene to 
p l ant t i s sues whi ch speeded up the proce s s  of aging , 
there fore , de c rea s ing pl ant he i ght a s  ob se rved by c ompa ring 
s te r i l i ty pe rcentage s fo r Arthur which ha s 6 8 . 8 pe rcent at 
the 0 . 4 0 per cent rate ( Tab le 1 ,  p.  1 7 ) and 4 4 . 4  pe rcent at 
the 0 . 4 0 pe rcent rate ( Tab l e  1 ,  p .  1 7 ) wi th its gre ate s t  
p l ant he i ght de crease a t  the s ame rate ( T ab l e  - 8 ,  p .  3 0 ) ; 
B l ue boy · had 7 1 . 0  and 7 3 . 6  pe rcent s te r i l i ty for the s ame 
rate s ( Tab le 1 ,  p. 1 7 ) wi th i t s  greate s t  dec re a s e  in he i ght 
a t  the s ame rate ( Tabl e  8 ,  p .  3 0 ) ; bar l ey c ul t ivar s  s howed 
s imi l ar trends a t  the s ame rate for mid-boot ( Table 1 ,  p .  1 7 )  
but var i at ions for Bar soy in l ate boot ( Tab l e  1 ,  p.  1 7 ) and 
it wa s not reve r �ed for Vo lbar ( Tab le 1 ,  p. 1 7 ) . 
Howe ve r , in l ook i n g  a t  mean y i e l d  and mean seed wei ght 
{ Tab l e  1 0 )  ,· . then compa r i n g  these var i ab l e s with the mean 
pl an t he i ght ( T able 8 ,  p.  3 0 ) , the ·trend is for them to 
dec re a se s imul taneous ly . The mo st important i n f luence of a · 
dec r e a s e  in pl ant he i ght ( Table 8 ,  p .  3 0 )  wa s a ve ry 
not i cable dec re a s e  in lodging for a l l  c u l t ivars ( Table 8 ,  
p .  3 0 ) . Howeve r , a l l  pl an t he i ght s were s i gn i f icantly 
( Table 2 ,  p.  1 9 )  d i f ferent except a t  concentrat ion s 0 . 1 0 and 
0 . 2 0 percent . 
Tab l e  1 0 . Yie ld and 1 0 0 - seed we ight for wheat and bar ley cult ivar s treated with 
e thephon at di f f erent stage s o f  deve lopment ( 1 9 7 6  f i e ld s tudy ) . 
S tage o f  Deve lopment ·Mid-Boo t Late -Boot 
Cult ivar Concentrat ion Yield 1 0 0 - seed we i ght Yield 1 0 0 - seed we i ght 
(%) ( gm per ( gm) . ( gm per ( gm) 
plot ) · plo t )  
Arthur . 0 S 6 3  4 . 3  6 4 7  4 . 4  
. O S S 9 4 4 . 2  S 3 4  4 . 1  
. 1 0 4 6 2  4 . 2  4 8 2 3 . 8  
. 2 0 2 8 2  3 . 9  4 9 6  4 . S  
. 4 0 1 8 1  3 . 9  4 1 9  3 . 7  
B lueboy . 0 6 1 3  3 . 9  6 4 8 4 . 4  
. O S  3 9 1  3 . 7  S 9 2  4 . 2  
. 1 0 S 6 6  3 . 7  3 S 7  3 . 8  
. 2 0 2 7 4  3 . 8  3 S S  3 . 7  
. 4 0 1 8 8  4 . 1  2 4 2 3 . 9  
Bar soy . 0 6 8 S  3 . 2  6 8 1  3 . 7  
. O S S 8 2  3 . 7  6 9 2  3 . 3  
. 1 0 4 0 9  3 . 3  S 7 6  3 . 6  
. 2 0 3 0 4  3 .  3 . S S 3  3 . 0  
. 4 0 1 S 2  " 3 . 2  3 2 1  3 . S  
Vo l bar . 0 6 9 0  4 . 1 - 7 4 8  3 . 8  
. O S S 4 8  4 . 2  6 9 6  4 . 2  
. 1 0 6 3 S  3 . 9  S 7 3  4 . 2 
. 2 0 3 0 8  3 . 9  6 3 6  4 . 0  
. 4 0 3 0 8 3 . 9  S 6 7  4 .1 
W .  
w 
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Lodg ing 
Al l e thephon t reatments were e f fe c t i ve in r-edu c i n g  
lodging ( Tab le· 8 ,  p. 3 0 ) . Even the lowe s t  r a t e  o f  0 . 0 5  
pe rcent reduce d  lodgin g to z e ro when appl ied at mid-boot 
stage for Bar soy ( Tab le 8 ,  p. 3 0 ) . E thephon prevented Bar soy 
f r-?m any lodging , a lthough the con tro l had 1 0 0  percent 
( Tab l e  8 ,  p. 3 0 ) . The re sults of the ana lys i s  of var i ance 
showed s i gn i f i c ant di f fe rence s for some i nterac tions ( Tab le 7 ,  
p. 2 9 )  with the greate s t  var iat ion for concentrat ion . There 
we re two cult iva r s  wi thout any lodging due to e thephon 
treatmen t s , - and they were B lueboy for l ate boot s tage as we l l  
a s  B ar soy f o r  the mid -boot s ta ge ( Tab le 8 ,  p. 3 0 ) . 
Appl ication o f  the 0 . 0 5  percent r ate at l ate . boo t - wa s 
e f fe c t ive i n  reduc ing lodging to z e ro wi thout reducing � i e ld , 
e spe c i a l l y  i n  Bar s oy ( Tab le 1 0 , p. 3 3 ) ; A reduc t ion in 
lodgin� did not reduce the e f fect ivene s s  of ma le s t e ri l i ty 
be i n g  i nduced a s  shown by B l ueboy with a h i gh percent o f  7 1 . 0 
in mid-boot a t  the rate o f  0 . 4 0  percent . and no lodging 
( Table 1 ,  p. 1 7 ) . S imi lar trends were shown in the othe r 
three cult ivars ( Tab l e s  1 ,  p. 3 0 , and 8 ,  p. 3 0 ) . A l�ve l  
o f  one perc ent s i gn i f i c ance wa s ob se rved i n  lodg ing me ans 
among the · e thephon rate s o f  0 . 0 5 , 0 . 1 0  and 0 . 2 0  w i th 0 . 4 0  
pe r cent ( Tab l e  2 ,  p. 1 9 ) . Th i s  reduction i n  lodging wa s 
probab l y  due to the reduct ion in p lant he i ght. 
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Y i e l d  
The me an value s o f  y i e l d  ( Tabl e  1 0 , p. 3 3 )  a n d  anal y s i s  
o f  var i ance ( Table 7 ,  p. 2 9 )  s how that · me an yie lds were 
a f f� c ted by e thephon treatment s .  The re s u l t s  o f  the ana l y s i s  
o f  var i an c e  s how that the di f ferenc e s  between the i nter­
ac t ion s a lone are s i gn i f i c an t  at a leve l o f  one pe rcent 
( Tabl e s  2 ,  p .  1 9 , and 7 ,  p. 2 9 ) . 
Tab l e  1 0  ( p. 3 3 )  shows the me an y i e l d  wa s a f fected le s s  
a t  t he lowe s t  concentrat ion with Bars oy hav i ng a h i ghe r me an 
y i e l d  of 6 9 2  gm as c ompa red to the control w ith a me an y i e l d  
o f  6 8 1  gm. Howeve r ,  a l l  c u l tiva r s  s howed a dec rea se in y i e l d  
for the h i ghe r concentrat ion s ( Tab l e  1 0 , p. 3 3 ) , and 
concentrat ion wa s s igni f icant a t  the 1 pe rcent · leve l ( Table 8 ,  
p .  3 0 ) . 
As me an s t er i l i ty percent inc rea sed ( Tabl e 1 ,  p. 1 7 ) , 
mean lodging pe rc ent dec rea sed ( Table 8 ,  p. 3 0 ) , mean pl ant 
he i ght decre a s e  ( Tab l e  8 ,  p. 3 0 ) , mean seed we i ght decre a s e  
( Tab l e  1 0 , p .  3 3 )  a n d  i t  c an be no ted a dec r e a s e  in mean 
y i e l d  o c curred too ( Tab l e  1 0 , p. 3 3 ) . The h i ghe s t  mean 
y i e l d  fo r mid-boot with 0 . 0 5  percent rate wa s Arthur with 
5 9 4  gm ( Tab le 1 0 , p .  3 3 ) , howeve r , for B l ueboy , Bar s oy , and 
Vo lbar in late boo t , their yie lds we re 5 9 2 , 6 9 2 , and 6 9 6  gm 
re spe c t ive l y . 
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Seed We i ght 
No s i gn i f icant d i f ference s in 1 0 0 - seed we i gh t  were 
ob served due to e thephon treatmen t s . I n  c e rt a i n  c a s e s  with 
hi gh s te r i l i ty there wa s a t rend toward the improvement in 
the we i ght o f  the gra i n s  pe rhaps due to fewe r seeds per 
spike . Arthur had a hi ghe r seed we i ght than the contro l  
f o r  l ate boot w i t h  the r a t e  o f  0 . 2 0 pe rcent f o r  4 . 5  gm . 
· ( Tab l e  1 0 , p. 3 3 ) . B l ueboy exceeded the control wh ich was 
3 . 9 a t  the rate o f  0 . 4 0 per cent for 4 . 1  gm ( T ab l e  1 0 , p .  3 3 ) . 
B ar s oy wa s far s upe r i o r  to the cont ro l  wh ich wa s 3 . 2  gm for 
mid-boot with mean y i e lds a t  rate 0 . 0 5 pe rcent for 3 . 7 , 
rate s 0 . 1 0 and 0 . 2 0 p�r cent for 3 . 3  gm each , and s ame a s  
contro l for rate 0 . 4 0 pe r cent ( Tab l e  1 0 , p .  3 3 ) . 
Re sul t s  o f  the analy s i s  o f  va riance ( Tabl e 7 ,  p. 2 9 )  
s howed that the only d i f fe rence among cult iva r s  wa s s i gni f i ­
c an t . Re s u l t s  o f  Duncan ' i  New Mul t iple Range T e s t  a re shown 
in Tab l e  2 ,  p. 1 9 . 
Th i s  incre a s e  i n  s eed we i ght i n  the e thephon treated 
c u l t ivar s  wa s due to better f i l led gr ain s than tho se in the 
untreated pl ant s . I t  wa s a l so obse rved that the grains from 
the e thephon trea ted plants resul ted in incre a s ed uni formi ty 
and he avi e r  seeds . 
B l ueboy s howed a tremendou s  i nc rease in ma le s te r i l i ty 
ove r  the control at the s ame rate and s �age for i ts s upe r ior 
incre a s e  in seed we i ght ( Tab l e s  1 ,  p .  1 7 , and 1 0 , p.  3 3 ) . 
Tab l e  7 ,  p .  2 9 , s hows the only s i gni f ic ant d i f ference wa s 
due to cul tivar , and this was to be expected .due to the 
cultivar s o f  two dif ferent specie s  of wheat and barley . 
Days to Heading 
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A comparison o f  the means for the four cultivars at the 
dif fe rent concentration s . showed an increase in days until 
date headed ( Table 1 1 ) . The analy sis of variance ( Tab le 7 ,  
p .  2 9 )  showed significant di fference s for concentration , date , 
date X concentration , and cultivar , and the s e  mean s were 
significant ly dif ferent ( Tab le 7 ,  p .  2 9 ) . The latene ss  in 
heading was much greater at the rate of  0 . 4 0 percent , 
e special ly for Bar soy with 9 days more than the co ntrol , and 
Vo lbar showed an increase o f  almo st 1 0  days ( Tab le 7 ,  p . . 2 9 ) . 
An increase in days to heading did not affect the induction 
o f  male steril ity by comparing the mean s o f  B lueboy and . 
Arthur ( Tab l e  1 ,  p .  1 7 ) . 
Day s to Maturity 
According to the analys is o f  var iance ( Tab le 7 , · p .  2 9 )  
the con centration o f  ethephon had no significant e f fect on 
day s to maturity . Th� gieatest significance was sh�wn for 
· cu l tivar ( Tab le 7 ,  p .  2 9 ) . Ob seiving the means of the 
cul tivar s for di f ferent concentrations of ethephon no set 
trend was noted ( Tab le 7 ,  p .  2 9 ) . The cultivar Bar soy was 
the only one with day s decreasing and this was shown in late 
boot ( Table 1 1 ) . No significant dif ferenc e s  in date mature 
· mean s (Tab le 2 ,  p .  19 ) we re obse rved . · 
Tab le 1 1 . Date headed and date ma ture for wheat and barley cu1 tivar s treated 
with e thephon at d i f ferent s tage s of deve lopment ( 1 9 7 6  f ie ld s tudy ) . 
Stage o f  Deve lopment Mid-boot Late boot 
Cul t ivar Concentration% Date headed! Date mature 2 Da-te headed! Date Mature 2 
Arthur . 0 2 5 . 4  3 5 . 8  2 6 . 0  3 9 . 4  
. 0 5 2 6 . 8 3 8 . 6  2 7 . 0  3 8 . 4  
. 1 0 2 7 . 6  3 8 . 8  2 5 . 8  4 0 . 0  
. 2 0 3 2 . 8  3 8 . 6  2 7 . 8  3 8 . 2  
. 4 0 3 2 . 8  3 5  ·. 6 2 9 . 0  3 8 . 4  
Blueboy . 0 3 2 . 4  3 9 . 2  3 1 . 8  4 2 . 2  
. O S 3 3 . 4  4 3 . 4  3 3 . 2  4 2 . 0  
. 1 0 3 3 . 6  3 1 . 0  3 3 . 6  4 3 . 8  
. 2 0 3 5 . 0 4 1 . 4  3 4 . 0  4 0 . 2  
. 4 0 3 5 . 8  4 2 . 6  3 5 . 2  4 3 . 8  
Bar soy . 0 1 2 . 0  2 4 . 6  1 3 . 4  2 7 . 6  
. 0 5 1 5 . 8  2 4 . 6 . 1 6 . 4  2 5 . 0  
. 1 0 1 8 . 2  2 5 . o . .  1 8 . 0  2 4 . 4  
. 2 0 1 9 . 4  2 4 . 0  1 7 � 8 · 2 4 . 6  
. 4 0 2 1 . 0 2 4 . 6  1 9 . 4  2 5 . 0  
Volbar . 0 2 6 . 2  3 5 . 0  2 6 . 8  3 5 . 0  
. 0 5 2 9 . 8 3 6 . 4  2 5 . 2  3 2 . 4  
. 1 0 3 2 . 4  3 7 . 2  3 0 . 2  3 6 . 8  
. 2 0 3 2 . 8  3 6 . 2  2 7 . 0  . 3 4 . 8  
. 4 0 3 7 . 4  3 4 . 4  3 2 . 8  3 7 . 8  
1 )  Number of  days after Apr i l  1 .  · 
2 ) Number o f  days a fter May 1 .  w 
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The data from these cul tivar s were particularly we l l  
sui ted for determining· the relation ships between induced 
ma l e  ste r i l i ty with the game toc ide e thephon . Blueboy and 
Ar thur sprayed with ethephon obtained a mean steril ity o f  
7 9 . 1  and 7 5 . 4  pe rcent in late boot with 0 . 0 2 percent act ive 
ingredieni re spective ly . Howeve r ,  Arthur was more e f fect ive 
sprayed with 0 . 0 5 percent at the same stage o f  deve lopment 
for a mean of 9 1 . 2  per cent , and Blueboy showed a de crease 
with a mean o f  7 1 . 7  percent o f  induced ma le s teri l i ty 
( Tabl e  1 2  and Fig . 3 ) . 
Harri son and Keowee barley cult ivars show�d s imi lar 
trends with a mean ster i l ity sprayed with 0 . 0 2 percent for 
5 0 . 1  and 9 9 . 1 percent re spective ly .  Keowee was more sens itive 
at the 0 . 0 2 and 0 . 0 5 percent , but thi s variety did obtain a 
mean o f  8 6 . 8 pe rcent at the 0 . 0 5 pe rcent ra�e .  Harri son 
showed a con s iderable inc rease to 8 9 . 9  percent at 0 . 0 5 percent 
( Tab le 12 and F i g . 3 ) . 
All  . four cultivar s showed the e f fectivene s s  o f  the se 
lower rate s in the growth room . The mean ster i l i ty o f  the 
contro l showed a range from 0 to 1 5 . 4  percent ( Tab le 1 2 ) . 
Keowee showed almost 1 0 0  pe rcent steril ity with a concentra­
tion of 0 . 0 2 percent ( Tab le 12 and Fig . 3 ) . 
The data pertain ing to steri l i ty together with the 
results of stati stical analy ses  are pre s ented in Table 1 3 . 
Tab l e  1 2 .  I nduction o f  ma l e  s te r i l i ty i n  winter 
c u l t ivar s  of whe at and bar l ey in late 
boot ( 1 9 7 5  · growth room s tudy ) . 
Cult ivar Concentration , %  Me an S te r i l i ty , %  
B lueboy . 0 0 0 0 . 0  
. 0 2 7 9 . 1  
. 0 5 7 1 . 7 
Arthur . 0 0 1 5 . 4 
. 0 2 7 5 . 4 
. 0 5 9 1 . 2 
Harrison . 0 0 1 . 8 
. 0 2  5 0 . 1 . 
. 0 5 8 9 . 9 
Keowee . 0 0 1 4 . 3  
. 0 2 9 9 . 1 
. 0 5 8 6 . 8 
4 0  
1 2 0  
1 1 0  
1 0 0  
9 0  
8 0  
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E thephon conce ntration , % 
E f fect o f  ethephon on s ter i l i ty o f  
i n  late boot { 1 9 7 5 growth room s tudy ) . 
4 1  
cult ivar s 
Tab l e  1 3 . Ana l y s i s  of · va ria nce for 
P e r c e nt S te r i l i ty fo r 
1 9 7 5  growth room s tudy . 
Source o f  Va r i ati on DF MS 
T o t a l  4 5  6 4 6 . 1 6 
Amon g  Tre atmen t 1 1  5 2 3 4 5 . 6  
Amo n g  Leve l 2 1 6 3 4 2 . 2  
Among Va r i e ty 3 2 9 4 . 3 . 
Leve l X Va r i e ty 6 9 0 3 7 2 . 4  
Error 3 2  1 7 0 8 5 . 2  
* S i gn i f i c ant a t  5 pe rcen t l eve l . 
4 2  
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The re lat ive ind ividua l va rietal respon s e s  to each o f  the 
concentra tions o f . e thephon a re s hown in F i g . 3 ( p. 4 1 ) . No 
di f fe rence s with re spe c t  to chemica l ly i nduce d s ter i l ity 
we re obse rved among the cul tivars and a l so among chemi c a l  
treatment s ;  the s e  d i f ferenc e s  a s  a l so tho s e  due to the 
interact ion s  betwee n  va rie t i e s  and treatments we re found to 
be s ta t i s t i c al ly non- s ign i f ic ant at the 5 pe r cent leve l 
( Tab l e  1 3 , p. 4 2) . The fa i l ure to f ind any s t at i s t i'c a l ly 
s i gni f i c an t  di f ference among the control and two rate s o f  
e thephon appl i c a t ion i s  pe rhaps due to the h i gh var i ab i l ity 
within treatments . Thus only trends can be noted from th i s  
expe r iment . 
CHAPTER V 
DI SCUSS ION 
A leve l  o f  natural s te r i l i ty doe s ex i s t  in a l l  cul t ivar s . 
Na tura l s te r i l i ty de termined in the f i e ld cu l t i va r s  used in 
thi s  s tudy was in agreement w i th the l i te rature { 1 3 ) . I n · 
the absence o f  e thephon treatmen t  a me an o f  3 5 . 4  pe rcent for 
Arthur and a mean of 3 1 . 0  pe rcent s te r i l i ty fo r B lueboy wa s 
ob se rved when t reated in mid-boot . I n  late boot , Arthur 
overa l l  me an for ma l e  ster i l i ty dec re a sed to 2 4 . 5  pe rcent , 
and B lueboy ove ra l l  mean for ma l e  s te r i l i ty incre a s ed to 
5 4 . 8  pe rcent ( Tab l e  1 ,  p .  1 7 ) . 
The barley c u l t iva r s  showed upward trends for the fie ld 
s t udy because Barsoy had a me an o f  6 0 . 1  pe rc ent and Vo lbar 
had a me an of 2 8 . 6  pe rcent i n  mid-boo t . I n  late boot o f  
deve lopmen t  Barsoy had a mean o f  6 4 . 6  per cent . and Vo lbar had 
a mean of 3 8 . 3  pe rcent ( Tab l e  1 ,  p .  1 7 ) . 
The t rends in the growth room for natural s te r i l i ty we re 
j us t  the _ oppo s ite of tho se obse rved in the f i e ld s tudy . · The 
h i ghe s t  me an s t e r i l i ty for wheat cul t ivars wa s 1 5 . 4  pe rcent 
and for bar ley c u l t i va r s  the h i ghe s t  me an wa s 1 4 . 3  pe rcent 
{ Tab le 1 2 , p.  4 0 ) . 
The data from thi s  re s earch indi c ate tha t e thephon can 
be e f f e c tive to induce ma l e  s te r i l i ty c hemi c a l ly w i th the 
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selection o f  the proper concen tration s appl ied at various 
stage s o f  deve lopment of the cult ivars . 
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I t  appe ars that the e f fective concentrat ion o f  ethephon 
wi l l  vary with the app l icati on , stage of deve lop�en t ,  and 
cultivar . The mo st e f fective concentr ations and s tages o f  
deve lopment f o r  thes e  cult ivars were a s  fol lows : 
In the growth room Blueboy was mo st sensit ive to a 
concentration o f  0 . 0 2 percent and Arthur wa s 0 � 0 5 pe rcent ; 
the bar ley cult ivars Harrison was 0 . 0 5 percent and Keowe e 
wa s 0 . 0 2 percent , and these findings were s imi lar to Rowe l l  
and Mi l ler ( 1 6 ) . 
In the field study Blueboy was mo st sens itive to a 
concentrat ion o f  0 . 4 0 percent and Arthur for the s ame rate 
in the mid-boot stage of development ; the same rate was true 
for both cult ivars in late boot ; and for the bar ley cultivar s  
o n l y  Vo l bar was s e n s it ive at any o f  the concentration s with 
the mo st e f fective in late boot at 0 . 4 0 percent , and the s e  
findings we re s imi lar t o  tho s e  o f  s imi lar previous ly reported 
studi e s  ( 2 ,  3 ,  5 ,  1 0 ,  1 6 ,  1 7 , 1 8 ) . 
Al l ethephon treatme nts we re e f fective in reducing 
plant height and thu s reducing lodging . Genera l ly yields 
were reduced along with seed we ight . There was a s i gni ficant 
di f ference among rate s of appl icat ion , st�ge s of appl ic at ion , 
and a s i gn i f icant rate X stage X cult ivar interact ion . 
C�n seque nt ly care mu st be exerci sed in using ethephon 
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a s  a ma l e  game t o c i de to choo se the prope r con centrat ion fo r 
the c u l t i var to be s t e r i l i z e d . 
Tre atme nt o f  the cu l t ivars B l ueboy in the f i e l d  re ached 
7 1 . 0  percent s t e r i l i ty c ompared to 3 1 . 1  percent fo r contr o l  
i n  the f i e l d , and Keowe e reache d  9 9 . 1  pe r c e nt i n  the growt h  
room compa red to 1 4 . 3  pe rcent fo r the contro l , the r e fore , 
a t r e nd towa rd almo s t  1 0 0  pe rcent s t e r i l i ty i s  po s s i b l e with 
exac t co ncentrat ion and pr e c i s e  s t age o f  deve l o pme nt fo r 
cult iva r s . 
In s p i te o f  the gr eat amount o f  re s e arch a l r e ady done 
on chemi c a l l y  i nduced and natural s t e r i l i t y , our · pre se nt 
know l e dge wi th the us e o f  a chemic al ma le gamet o c i de i s  
r athe r  s c anty . A b e t t e r  unde r s t anding o f  the me chan i sm o f  
a c t i on . and t he nature o f  the i nduced st e r i l ity i s  o f  utmo s t  
impor tance o f  i nduc e d  ste r i l i ty to p l ant b re ed i ng prob lems 
i n  the Southe a s t e r n  United S tat e s . From the wo rk al re ady 
. reported by s eve ral autho r s  ( 2 ,  3 ,  5 ,  1 0 , 1 1 , 1 5 , 1 6 , 1 7 , 1 8 ) 
i t  ha s b e c ome c l ear that e t hephon c a n  wo rk a s  a ma le 
game to c i de . 
Fo r a c omp l e t e  ana l y s i s  o f  the game toc ide e thephon and 
i t s  e f fe c t s , mo re in fo rma t i on i s  nee ded than wa s ava i l ab l e  
from t h e  re search compl e t ed in thi s pro j e c t . I n  the l i ght 
o f  the se re s u l t s , it can be conc luded that e thephon i s  
c apab l e  o f  br i n g i n g  about a s e l e c t 1ve abo rtion o f  po l l e n  
gr a i n s  in whe at a n d  ba r l ey wi thout redu c i n g  the s e e d- s e t t i ng 
capac i ty to any gr eat extent ( 1 7 ) . 
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First , in order t o  eva luate the e f fect ivene s s  o f  any 
gametocide for indu� ing po l l en steril i ty , to be use ful in 
the commercial production of hybr id seeds in barley and 
whe at for plant breeding in the Sou�heast , the fol lowing 
cri�eria should be ful fi l led : ( 1 )  the re should be no undue 
ha z ards either to pl ant or man ; ( 2 )  the piec i s e  do sage when 
applied at a de finite stage of  growth in the l i fe cyc le o f  
the plant should give con s i s tently reproduc ible re sults ; 
( 3 ) the . treatment should cause only po llen abortion and not 
a f fect ovule ferti l i ty ; and ( 4 )  the method of appl ication 
should be easy and economical . 
There fore , more re search i s  needed for se l e c t ive 
abort ion o f  pol l en becaus e  none o f  the treatments tr ied gave 
complete pol len steril ity coupled with complete ovular 
fer t i l ity . I t  doe s appear highly pos s ible i f  one only 
con � ider s the numerous instances o f  ma le ster i l ity occurring 
among plants in nature wi thout as soci ated ovule ste r i l ity 
wh ich indicate that it may be po s s ible  to reproduce thi s  
s i tuation arti fical ly . However , the exact and prec i se 
me chani sms are not known . 
A fol low-up s tudy should be conduc ted to see i f  i t  i s  
pos s ible to take advantage o f  the dwarfing e f fect due to a 
reduction in pl ant he i ght � which would al low closer spac ing 
and hi gher population s and consequently with the po s s ibil ity 
o f  hi gher yields  per hec tare . 
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We mu st not · ove rlook the method o f  appl icat ion , al though , 
hand fo l iar sprayers a re e f fective , eas ier me thods may need 
to be wo rked out if the results are to be put to practical 
u s e . 
Even though aqueou s ethephon ha s . the practical use a s  
a n  appl ied selective ma le gametoc ide and probab ly h a s  ·more 
potential than mo s t  compound s te sted to date , I sti l l  feel 
additional re se arch i s  needed to know how long the e f fects 
of a tre atment wou ld la st , to know the pre c i se treatment , 
and the stage o f  development o f  plants when appl ication i s  
to be made and the external conditions o f  appl ication shou ld 
be d e fined . These variat ion s need to be known because there 
may be d i f fe rences in absorpt ion by the leaf area and the 
atmo spheric  condi tions . Further studies s hould be conducted 
in conj unction with d i f ferent rate s of e thephon wi th an 
antidwar fing compound . 
The res ults from thi s  study indicate that ethephon could 
b e  u s ed in a p lant bre e d i ng p rogram t o  deve lop bre e d i ng 
popu lat ions from which se lect ion can be made . The breeder 
shou ld be ab le to recogni z e  the individual p l ant s wh ich . 
re sul ted from s e l f ing rather than cro s sing . Un l e s s  further 
re f inements are made in the technique s ,  however , hybridi za­
tion for gene tic s tudies should sti l l  be pe rformed by the 
conventional method of emasculation and hand tran s fe r  o f  
po l l en to ensure 1 0 0  percent cro s sed seeds . 
CHAPTER VI 
SUMMARY AND CONCLUS ION S  
I n  order to e l ic i t  in fo rmat ion re garding the e f fe c t  o f  
l iquid e thephon on whe at and bar ley , and . al so t o  determine 
if d i f fe ren t c u l t ivar s  show a di f fe rential re sponse to thi s 
c hemi c a l  a s  a potent i a l  mal e  game to cide , pl ants o f  s i x 
c u l t iva r s ,  two wheat ( Arthur and B l ueboy ) and four barley 
( Barsoy , Vo lbar ,  H�rri son , and Keowee ) ,  c u l t ivars we re 
treated i n  mid- boot and l ate boo t  s tage s of deve lopmen t  for 
the f i e l d  s t udy and only l ate boot fo r the growth room 
study . The . four cul tiva r s  in the fie l d  s tudy we re treated 
wi th five concentrations of e the phon : 0 ,  0 . 0 5 ,  0 . 1 0 ,  0 . 2 0 
and 0 . 4 0 pe rcent act ive ingredie nt . The four c u l tiva r s  in 
the growth r oom were treated with only three concentrat ions 
o f  e �hephon : 0 ,  0 . 0 2 ,  and 0 . 0 5 per cent a c tive i ngred ient . 
The mo s t  e f fe ctive l eve l wa s 0 . 4 0 percent a c t ive 
ingredient i n  mid-boot and l ate boot s tage s for . both c u l t iv a r s  
o f  whea t  and barley for the f i e l d  s tudy � Ste r i l i ty of the 
c u l t ivar B l ueboy in the f i e l d  s tudy reached 7 1 . 0  per cent 
compa red to 3 1 . 1  percent fo r the contro l and Keowee rea ched 
9 9 . 1  pe rcent i n  the growth room compared to 1 4 . 3  pe rcent for 
the con trol . 
The c u l t ivar B ar soy wa s not sen s i tive to any o f  the 
concentrat ion s in e i the r mid-boot or l ate boot because its 
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s ter i l i ty mean s were le s s  than tho s e  o f · the contro l s .  The 
ove ra l l  mean s t e r i l ity for Vo lbar wa s s l i ghtly more than 
5 0  
5 0  pe rcent . for both mid- boot and l ate boot stage s . Arthur 
had a h i gh me an s te r i l i ty of 9 1 . 2  per c�nt in the growth room 
and 6 8 . 8 pe rcent in mid-boot in the f i e l d  s tudy . 
Al l e thephon treatments we re e f fective in reduc ing plant 
he i gh t  and thus reducing lodg i n g  . . Genera l ly yie lds we re 
reduced along with seed we i ght. 
Concentrat ion , repl ic a t ion , date , c u l t ivar , date X 
concentration , date X cu l t ivar , concentra t ion X c u l t i var , 
date X con centration X c u l t ivar e f fects were s i gn i f ic ant for 
. a l l  var i abl e s  except s eed we i ght , date he aded , and date mature . 
No ove ra l l  repl ica t ion , date X conc entration , date X cultivar , 
and concentrat ion X c u l t iva r e f fe c t s  o c curred for s eed we i ght . 
No ove ra l l  date X con c en trat ion X cult ivar e f fect oc curred 
for date headed. No over a l l  con centration e f fect oc curred 
for date mature . There was a s igni f i cant d i f ference among rate s  
o f  appl i c a t ion , stage s  o f  app l i c at ion , and a s i gn i f i c ant 
ra te X s tage X cult ivar interac t ion . Conc e ntration and 
cult ivar e f fe c t s  per pl ant we re s tr ongly and po s i t ive ly 
a s so c i ated with induct ion of ma l e  s te r i l i ty .  
I t  . can , the re fore , b e  conc l uded that de f i n i te r e s ea rch 
. should cont i nue in order to ga in
. evidence on rat e s  that 
maximi z e  s te r i l i ty o r  anthe r retardation wi thout adve r s e  
morpho logic a l , phy s i o logical , and h i s to lo g i c a l  e f fec ts o n  
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d i f ferent c u l t ivars o f  wheat and bar ley i n  the Southe a s t  and 
on the me chan i sm of action caus ing . �a le s ter i l ity . 
Al though the re are probab ly some d i f ferences with regard 
to e thephon perme ab i l i ty through the cover ing of the spikes 
i n  the d i f f e rent c u l t ivar s u s e d  in th i s  s tudy wh ich would 
expl a in s ome ·o f the ir di f ferent i a l  re sponse to e thephon and 
to prevent h i gher ma l e  s te r i l i ty to o c cur . However , the 
ge ne t i c  dive r s i ty in th i s e c u l t iva r s . u s ed in th i s  s tudy i s  
a s s ume d t o  b e  mainly respons ible for the ir d i f ferent ial · 
re sponse to e thephon a s  a ma l e  game to c ide . 
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